A fundamental idea in memory research is that items are more likely to be remembered if encoded with a semantic, rather than perceptual, processing strategy. Interestingly, this effect has been shown to reverse for emotionally arousing materials, such that perceptual processing enhances memory for emotional information or events. The current fMRI study investigated the neural mechanisms of this effect by testing how neural activations during emotional memory retrieval are influenced by the prior encoding strategy. Participants incidentally encoded emotional and neutral pictures under instructions to attend to either semantic or perceptual properties of each picture. Recognition memory was tested 2 days later. fMRI analyses yielded three main findings. First, right amygdalar activity associated with emotional memory strength was enhanced by prior perceptual processing. Second, prior perceptual processing of emotional pictures produced a stronger effect on recollection-than familiarity-related activations in the right amygdala and left hippocampus. Finally, prior perceptual processing enhanced amygdalar connectivity with regions strongly associated with retrieval success, including hippocampal/parahippocampal regions, visual cortex, and ventral parietal cortex. Taken together, the results specify how encoding orientations yield alterations in brain systems that retrieve emotional memories.
Introduction
It is well known that emotionally arousing events are better remembered than neutral events. This effect is modulated by the release of stress hormones that affect noradrenergic transmission in the basolateral amygdala and its interactions with the anterior medial temporal lobes, which are important for memory formation, consolidation, and/or retrieval operations (Dolcos, LaBar, & Cabeza, 2004; Kensinger, 2009; LaBar & Cabeza, 2006; McGaugh, 2004; Wolf, 2008) . However, very little is known about the neural bases of cognitive factors known to modulate emotional memory, such as encoding orientations that determine how emotional information is processed.
One variable that may modulate the effect of emotional arousal on memory is the degree to which perceptual properties of stimuli or events are attended or processed. A fundamental idea in memory research is that semantic processing leads to better memory than perceptual processing (the levels-of-processing effect, or LOP) (Craik & Lockhart, 1972) . However, the vast majority of the studies showing the LOP effect have used affectively neutral information (Craik, 2002) , and it is unclear if the effect generalizes to emotional information. In fact, studies have shown that attending to and processing perceptual, rather than semantic, aspects of incoming information tends to boost emotional memory (Jay, Caldwell-Harris, & King, 2008; Reber, Perrig, Flammer, & Walther, 1994; Ritchey, LaBar, & Cabeza, 2011) . For instance, Reber et al. (1994) found that whereas recall of neutral words showed the standard LOP effect, such that performance was higher for semantic than perceptual processing, recall of emotional words showed a ''reverse LOP effect,'' wherein performance was higher for perceptual than semantic processing. More generally, mounting evidence from different literatures and methodological techniques suggests a strong link between emotional memory and perceptual processing, particularly for negative emotions. For example, vivid visual imagery of negative events is frequently reported by patients with post-traumatic stress disorder (Hackmann & Holmes, 2004) . In addition, emotional memories are often subjectively rated as more vivid (e.g., Kensinger & Corkin, 2003; Ochsner, 2000) and may contain sensory details absent in neutral memories (Doerksen & Shimamura, 2001 ). In the domain of implicit memory, emotion has been shown to enhance perceptual (LaBar et al., 2005) but not conceptual (Ramponi, Handelsman, & Barnard, 2010) priming effects. Finally, research on affect labeling (e.g., Lieberman et al., 2007) has shown that activity in emotion-related limbic regions is reduced when people attend to or label the semantic category or emotional pictures, suggesting that semantic encoding orientations may actually dampen emotional experience.
